Visual regional CBF (rCBF) responses were measured in 10 healthy male subjects before and after an ethanol dose of I g/kg body weight. This dose induces well-established cerebral vasodilatation. However, signif icant bilateral occipital increases were found in both con ditions. Apparently, the coupling between neuronal ac tivity and rCBF is preserved following ethanol. The oc cipital and posterior parietal flow increases were, however, larger on the right than the left side in the sober
The ethanol effects on brain functions are com plex and only partly understood. The effects of chronic alcohol abuse and alcohol withdrawal on regional cerebral blood flow (rCBF) and metabo lism have been studied extensively (e.g., Berglund and Ingvar, 1976; Hine et ai., 1952; Risberg and Berglund, 1987; Berglund et ai., 1989; Volkow et ai., 1990) . Functional and morphologic disturbances in alcohol abuse are multifactorial regarding etiol ogy. Brain damage caused by primary effects of al cohol is intermixed with secondary effects of, e.g., nutritional deficiency, liver disorder, and head trauma (Charness, 1993) . For a better understand ing of the pathological changes in abuse, and for a deeper knowledge of how ethanol affects the nor mal brain, acute studies in normal subjects are fun damental (cf. Sano et ai., 1993; Stenberg et ai., 1994) .
Studies of rCBF in normal subjects have revealed state. During inebriation the asymmetry disappeared, possibly representing a more undifferentiated processing of visual information. We propose that ethanol causes a reduced inhibition of the left posterior cortex and a re duction of right-hemisphere information processing. Key Words: Cortical asymmetry-Ethanol-Occipital regional cerebral blood flow (rCBF) activation-rCBF Reversing checkerboard-Visual stimulation.
that a global flow increase follows moderate inebri ation (Newlin et ai., 1982; Mathew and Wilson, 1986; Sano et ai., 1993) , most likely due to a vasodi latatory effect of ethanol (Greenberg et ai., 1993) . Doses of 0.7 and 1.5 g alcohol/kg of body weight caused average increases of global flow by 12 and 16%, respectively (Sano et ai., 1993) . Normally, the rCBF is tightly coupled to the function and oxygen and glucose metabolism of the brain (Raichle et ai., 1976; Raichle, 1989; Edvinsson et ai., 1993) . How ever, the glucose metabolism decreases following alcohol ingestion, suggesting an uncoupling be tween brain blood flow and metabolism (Volkow et ai., 1990) . There is, however, evidence that the uncoupling cannot be complete following the ingestion of alco hol in moderate amounts (N ewlin et aI., 1982; Mathew and Wilson, 1986; Volkow et aI., 1988; Sano et aI., 1993) . Also, the normal flow distribu tion at rest, with hyperfrontality (Ingvar, 1979; Pro hovnik et ai., 1980) as its most prominent charac teristic, is preserved during inebriation (Sano et ai., 1993) .
Normally, when activating the brain by sensory stimulation or by a mental task, the flow of the re gions functionally involved will increase (Risberg and Ingvar, 1973; Risberg, 1986) . Given the pre served regional distribution during rest, the ques-tion is whether, on top of the ethanol-related global CBF increase, sensory activation still will cause re gionally increased flow. Or will the activation re sponse "drown" in this global increase? An answer to these questions is fundamental to the possibility of further studying the effects of ethanol on brain functions with rCBF responses during different kinds of tasks. In the present study activation of rCBF by visual-spatial stimulation (a reversing checkerboard) was measured in normal subjects during sobriety and following ethanol ingestion. An activation of the occipital cortex was expected in line with positron emission tomographic (PET) find ings using the same stimulation procedure in nor mal (sober) subjects (Phelps et ai., 198 1; Fox and Raichle, 1985; Fox et ai., 1987) .
METHODS

SUbjects
Ten healthy, male volunteers (university students) were paid for participating after giving their informed consent. All subjects but one were right-handed. The mean age was 28.8 (SD, 6.46) years. Health status was evaluated by a questionnaire, with the exclusion of sub jects with psychiatric diseases, certain somatic diseases, and CNS-related diseases. Substantial use or abuse of alcohol and drugs was also an exclusion criterion. The subjects were not on any medication and were abstaining from alcohol-containing beverages for at least 2 days be fore the measurement sessions. The study was approved by the ethical committee of the Medical Faculty of the Lund University and the Radiation Safety Committee of the University Hospital of Lund.
Measurements
Measurement of rCBF was made by the 133Xe inhala tion technique, using a high-resolution system (Cortex plorer 256 HR; Simonsen Medical Inc.) with 254 station ary detectors [10 x lO-mm NaI(Tl) crystals] mounted in a pneumatically controlled helmet type of holder. The system adjusts for differences in head sizes and shapes, and the positioning of the head is standardized in relation to bony landmarks (nasion and ear channels) by means of light crosses (Risberg, 1987) . This makes it possible to reposition the subject accurately on different occasions. One minute of 133Xe inhalation (70-100 MBq/L) is fol lowed by 10 min of normal air breathing according to the standard procedure (Obrist et aI., 1975) . Either 30 s of background (first measurement) or 5 min of remaining activity (repeated measurements within 1 h) is recorded before administration of the isotope (Risberg, 1980) . The initial slope index (lSI; 2-to 3-min slope measurement), a predominantly gray matter flow parameter (Risberg et al., 1975) , was used because of its high stability and reliability (Obrist and Wilkinson, 1985; Risberg, 1986) . Regional dis tribution values (percentage of total mean) were trans formed into seven regions of interest (prefrontal, superior frontal, frontotemporal, posterior temporal, central, pa rietal, occipital) in each hemisphere according to a pre defined, previously developed classification (Minthon et aI., 1993; Sano et aI., 1993) . Vol. 14, No.6, 1994 Arterial Pe0 2 was estimated from recordings of end tidal CO 2 concentrations (Omeda gas analyzer). Heart rate and respiratory rate were monitored during each measurement. Systolic and diastolic blood pressures were measured in between the two rCBF measurements in a session. Blood alcohol concentrations (BAC) were determined with a breath analyzer (Lion Laboratories).
Experimental design
Visual stimulation and visually presented tasks cause highly stable and reproducible activations in the occipital regions, thoroughly demonstrated in normal humans by measurements with the two-dimensional rCBF technique (Risberg and Prohovnik, 1983; Risberg, 1986; Wendt and Risberg, 1994) , with PET (Phelps et aI., 198 1; Fox and Raichle, 1985; Fox et a\., 1987) , with single-photon emis sion computed tomography (SPECT) (Holm et aI., 1993) and lately, also, with magnetic resonance imaging (MRI) (Belliveau et a\., 199 1, 1993; . Thus, reversing checkerboard stimulation was considered suit able for the purpose of the present investigation. The black and white squares were alternating at 1 Hz, a fre quency shown to give a satisfactory blood flow response in the striate cortex (Fox and Raichle, 1985) . The check erboard had 15 x 10 squares, each 12.4 x 12.4 mm. It was presented on a Macintosh liquid crystal display 68 cm above the head of the subjects, who were instructed to look at a dot in the center of the display.
On arrival in the laboratory all subjects were first tested with the breath analyzer and found to be sober. Supine rCBF measurements during resting wakefulness (eyes closed and covered) and stimulation (starting 1 min before 133Xe inhalation) were made during a sobriety and an ine briation session, with at least a I-week interval. Auditory stimulation was kept at a minimum (random noise from the system). The order of the sober and inebriation ses sions, respectively, was randomized to control for the effects of habituation following repeated rCBF measure ments (Risberg et a\., 1977; Warach et aI., 1987) . Both sessions took place in the morning to avoid influence from circadian variations in rCBF (Prohovnik and Risberg, 1979; . Having the subjects act as their own controls is a widely used procedure in brain imaging activation studies to reduce the intersubject variability and increase the power of the method to detect small changes (Reivich et aI., 1983; Ed vinsson et aI., 1993) .
Procedures were applied to control for factors that in fluence absorption and BAC (Ritchie, 1965; Kalant, 197 1) . The subjects avoided food and beverages for 9 h preceding the inebriation session. On arrival in the labo ratory they were given a standardized breakfast. After breakfast their weight was measured, and they were served alcohol at doses of I g/kg of body weight, mixed with orange juice (75% of total volume). Vodka (40% al cohol) was chosen because of its purity compared with other alcohol-containing beverages (Leake and Silver man, 197 1). The first rCBF measurement started 15 min after drinking was completed and the subjects had rinsed their mouths thoroughly with water. Total BAC was cal culated as the average of three breath analyzer record ings: before, between, and after rCBF measurements. To estimate the average BACs during the actual measure ment epochs, the resting BAC (average of before and between measurements) and checkerboard BAC (average of between and after measurements) were calculated.
Statistical analyses
Data were transformed into cortical color flow maps combined with a statistical mapping system (t test, two tailed), displaying only groups of detectors where the dif ference in distribution values between measurements was significant at the p < 0.00 1 level (see Figs. 2 and 3). This procedure was used only as an exploratory and illustra tive tool, not as a basis for statistical inference. In a PET simulation study (Bailey et aI., 199 1) investigating the sta tistical parametric mapping system of Friston et al. (199 1) , the p < 0.00 1 level (omnibus significance) pro tected securely against false positives. Their system removes global changes by an analysis of covariance (ANCOV A) instead of via distribution values, but in an actual investigation the two procedures gave practically the same results (Marenco et aI., 1993) .
For statistical inferences a priori designed repeated measures analyses of variance (ANOV As) were consid ered the most appropriate (Pawlik, 199 1) . To investigate the effects of alcohol ingestion on the resting rCBF, com paring it to the result of a previous study (Sano et aI., 1993) , data were subjected to a 2 states (sober/inebriated) x 2 hemispheres (left/right) x 7 regions of interest (see Measurements) repeated-measures ANOV A on the lSI distribution values during rest. According to the main aim of the present study, the following analyses were made. A 2 states x 2 tasks (rest/checkerboard) x 2 hemispheres repeated-measures ANOV A was performed on hemi spheric means of lSI (absolute values). For lSI distribu tion values in regions of a priori interest (occipital and parietal), 2 tasks x 2 hemispheres repeated-measures ANOV As were performed for the sober and the inebri ated state, respectively. Differences in activation (distri bution value increases) between the sober and the inebri ated states were investigated with a 2 states x 2 hemi spheres repeated-measures ANOV A for the occipital and parietal regions, respectively.
Arterial Pe0 2 , heart rate, and respiratory rate were an alyzed with repeated-measures ANOV As for differences between the four measurements. Systolic and diastolic blood pressure during the sober versus the inebriated state and resting BAC versus checkerboard BAC were also analyzed with repeated-measures ANOV As.
RESULTS
BACs and physiological parameters
The total average BAC was 0.059% (SD, 0.008%). The minute difference between resting BAC (0.058%; SD, 0.009%) and checkerboard BAC (0.059%; SD, 0.008%) was not significant. As shown in Table I , there were no significant differ ences in arterial Pco2 between the four measure ments. Alcohol did not significantly change systolic or diastolic blood pressure. For heart rate a main effect of states (F 34.55; df 1,9; p < 0.0002) was found, revealing faster heart rates during inebria tion, in line with previous findings (Sano et aI., 1993) . For respiratory rate a main effect of tasks (F 12,46; df 1,9; p < 0.006) was found, indicating a faster respiratory rate during checkerboard stimu lation in both the sober and the inebriated state. However, it is hard to conceive how these effects could be of any importance for the interpretation of the main results of the present study.
Hemispheric mean CBF
The ANOV A of the hemispheric means of lSI ( Fig. 1) showed a main effect of states (F 5.25; df 1,9; p < 0.05). This was due to absolute value in creases of about 9% following ethanol, thus con firming previous findings (Sano et aI., 1993) . Fur ther, a main effect of hemispheres (F 12.28; df 1,9; p < 0.007) was found, the right hemisphere being slightly higher in flow during all measurements. Such small right-sided asymmetries of hemispheric means of CBF have also been found in other stud ies, their significance being due to consistency across subjects, rather than the magnitude of the asymmetry (Prohovnik et aI., 1980; Gur et aI., 1987; Wendt and Risberg, 1994) . No other effects, and no interactions, were found.
rCBF distribution values
The cortical flow maps (Figs. 2 and 3 ) displayed the expected hyperfrontal distribution during rest (Ingvar, 1979; Prohovnik et aI., 1980) in both the sober and the inebriated state. Comparing checker board stimulation with rest during sobriety (Fig. 2) revealed the expected occipital increases in both hemispheres-larger on the right side-and a right posterior parietal increase. Activation during ine briation (Fig. 3 ) also caused increases in the occip ital and posterior parietal regions, but the changes were more symmetrically distributed over the two hemispheres. Decreases in relative distribution flow values were seen mainly in the frontal lobes during both sobriety and inebriation, as is frequently the case in rCBF studies where visually presented stim ulations and tasks are used. A correlation study us ing PET has demonstrated that when cerebral glu cose metabolism increases in posterior regions, it tends to decrease in frontal regions, and vice versa (Metter et aI., 1984) . The decreases were of no in terest in the present study and were not analyzed further. However, Fig. 4 displayed a lower resting flow following alcohol compared to sobriety in the left occipital region, revealing that an asymmetry to the left during rest in the sober state (Fig. 2) is fol lowed by a symmetric resting flow during inebria tion (Fig. 3 ) in this region. Apart from a main effect of regions (and of states and hemispheres as reported above), of no interest to the present study, the ANOV A on regional lSI distribution values during rest in the sober and the inebriated state also resulted in a significant state * hemisphere * region interaction effect (F 2.34; df 6,54; p < 0.05). This was due primarily to the lower flow in the left occipital region following alcohol, resulting in a more symmetric flow. Slightly higher flow levels in both temporal areas during inebriation were also revealed. In addition, a right-over-left prefrontal asymmetry in the sober state was fol lowed by a symmetric flow during inebriation.
The ANOV As of occipital lSI distribution values revealed significant increases from rest to checker board activation (Fig. 5) , with main effects of tasks during both sobriety (F 40.84; df 1,9; p < 0.000 1) J Cereb Blood Flow Metab, Vol. 14. No. 6. 1994 and inebriation (F 87.50; df 1,9; p < 0.000 1). How ever, a tasks * hemispheres interaction (F 10.04; df 1,9; p < 0.0 1) was found only during the sober state, revealing a larger increase in the right (7.2%) than in the left (4. 1%) occipital region. During inebriation the occipital activation was symmetric, the right side increasing by 5.0% and the left by 4.9%.
Significant parietal distribution value increases (Fig. 6) were also found, with a main effect of tasks during both sobriety (F 12.99; df 1,9; p < 0.006) and inebriation (F 10.27; df 1,9; p < 0.0 1). A tasks * hemispheres interaction (F 11.75; df 1,9; p < 0.008) was found only during sobriety, with a larger in crease in the right (3. 1%) than in the left (0.7%) parietal region. During inebriation the right and left parietal region increased by 2. 1 and 1.4%, respec tively.
The differences between sober and inebriated ac tivation were investigated by the ANOV As on lSI distribution value increases. A states * hemispheres interaction (F 7.2 1; df 1,9; p < 0.03) revealed that the larger right than left activation response in the occipital region during sobriety differed signifi cantly from the right-left difference during inebria tion (Fig. 5) . In the parietal region a trend was found (states * hemispheres interaction: F 3.7 1; df 1,9; p < 0.09) toward the larger right than left activation during sobriety being different from that during ine briation (Fig. 6) .
DISCUSSION
Analyzing the effects of ethanol on the distribu tion of the resting flow, a left-over-right occipital asymmetry during sobriety was found to disappear following alcohol. That the occipital asymmetry in the sober state may not be coincidental is suggested by Rodriguez and co-workers' (199 1) finding of sig nificant left-over-right occipital and parietal asym metries in a study of rCBF in 189 normal (and so ber) resting subjects. Moreover, in the study by Sano et al. (1993) a dose-dependent decrease in the relative, yet symmetric, occipital rCBF in response to alcohol was found, as well as increased relative bilateral temporal flow at the high alcohol dose. The present results are in line with these, with the ad dition of a loss of right-sided prefrontal asymmetry following ethanol. Frontal asymmetries to the right are a fairly common finding in rCBF measurements during rest, suggested to reflect normal anxiety and increased attention to the unfamiliarity of the situ ation (e.g., Hagstadius and Risberg, 1989; Wendt and Risberg, 1994) . Accordingly, the loss of this asymmetry might reflect the decreased tenseness to the total mean, while red denotes higher and green lower values (percentage of mean). These upper maps illustrate the lSI distribution for the resting and the check erboard measurements for the 10 subjects during sobriety. The lower left map shows changes in distribution values (percentage of total mean; same color scale) from rest to checkerboard stimulation. The lower right map represents a statistical mapping procedure (t test, two tailed) displaying only groups of detectors (labeled "Cluster") where the difference in distribution values between tasks was significant at the p < 0.001 level (increases, orange; decreases, green). Note the significant bilateral occipital and right posterior parietal increases (lower right map) and the larger right than left posterior increase (lower left map). ANOVA main effects of tasks (rest/checkerboard) at p < 0.0001 were found during both sobriety and inebriation, while a tasks * hemispheres interaction (p < 0.01) was found only during the sober state. The significant difference be tween sober and inebriated activation patterns was revealed by a states * hemispheres interaction (p < 0.03). Solid bars represent the left hemisphere and shaded bars represent the right.
and increased feelings of elation and happiness nor mally found during ethanol inebriation (e.g., Sano et aI., 1993) .
Observing the effects of ethanol on activation, the finding that visual stimulation increases occipi tal flow also during alcohol inebriation indicates a preserved coupling between neural activity and rCBF. It seems to mimic the preserved activation responses when the mean flow level is elevated due to hypercapnia (Maximilian et aI., 1980) . Thus, changes of brain functions can be studied by rCBF techniques also during ethanol inebriation.
During sobriety, the greater right occipital parietal responses to the checkerboard stimulation are an expected finding in view of the importance of the right hemisphere for the processing of visual spatial information (e.g. Chritchley, 1953; Furst, 1976; Gur and Reivich, 1980; Risberg, 1986; Gur et aI., 1987; Wendt and Risberg, 1994) . Further, sev eral studies of evoked potentials using reversing checkerboard or sine-wave gratings gave higher right than left amplitudes, although different inter actions between factors such as sex, handedness, spatial frequency, temporal frequency, contrast, and visual field size have resulted in different pat terns of asymmetry (Shagass et aI., 1976; Cohn et aI., 1985; Rebai et aI., 1989; Spinelli and Mecacci, 1990; Mecacci, 1993) . With right-handed male sub jects included and checkerboard reversals at I Hz, right-sided amplitude asymmetries in evoked re-J Cereb Blood Flow Metab, Vol. 14, No.6, 1994 sponses from occipital leads have been rep , orted (e.g., Shagass et aI., 1976; Cohn et aI., 1985) . In addition, and in line with the well-documented ver bal versus spatial specialization of the hemispheres, the right-sided occipital asymmetry in checker board response also has a counterpart in a left-sided occipital asymmetry of rCBF (SPECT) during tasks of visual imagery (Goldenberg et aI., 1989 (Goldenberg et aI., , 1992 .
Studies with PET using reversing checkerboard stimulation have also been reported. Fox and Raichle (1985) found differences in rCBF increase magnitude in the striate cortex as a function of the stimulus repetition rate. In mapping the retinotopic organization of primary visual cortex, Fox et aL (1987) measured rCBF increases in this area in re sponse to different retinal stimulations, They also reported extrastriate (Brodmann' s area 18 and be yond) increases but did not elaborate on these. Asymmetry data were not presented; both studies dealt almost exclusively with the striate cortex as a whole. Measuring cerebral glucose metabolism, Phelps et aI. (198 1) demonstrated larger increases in the associative visual (Brodmann's areas 18 and 19) than in the primary visual cortex when reversing checkerboard stimulation was compared to white light stimulation and even larger increases, but of about the same magnitUde in the two regions, when compared to an eyes-closed condition. Hemi spheres were not reported separately following bin ocular checkerboard stimulation. The reported ac- 
Sober Inebriated
FIG. 6. lSI distribution value increases (percentage of total mean) from rest to checkerboard stimulation in the parietal regions for the 10 subjects during sobriety and inebriation. ANOVA main effects of tasks (rest/checkerboard) were found during both sobriety (p < 0.006) and inebriation (p < 0.01), while a tasks * hemispheres interaction (p < 0.008) was found only during sobriety. A trend was found (states * hemispheres interaction: p < 0.09) toward a difference between sober and inebriated activation patterns. Solid bars represent the left hemisphere and shaded bars represent the right.
tivations of extrastriate cortex have important im plications for the present study, since events recorded with the two-dimensional rCBF technique originate mainly from the "outer" cortical mantle.
In our occipital regions, responses will thus reflect mainly activity in Brodmann's areas 18 and 19, since the major part of the striate cortex lies on the medial surface of the occipital lobe, extending onto the convexity only at the occipital pole (Kahle, 1986; Fox et aI., 1987 ). Yet the striate cortex is only a relay station directing sensory impulses to the subsequent visual processing areas (Zeki, 1992) . Numerous findings link the posterior right hemi sphere with attentional mechanisms. In monkeys, the posterior parietal lobes contain a neural appa ratus for, among other things, the direction of visual attention to objects of interest (Lynch et aI., 1977; Mountcastle, 1978) . In humans, unilateral neglect of the left visual half-field following right parietal le sions is more frequently found and more severe than neglect of the right visual half-field following left parietal lesions (Chritchley, 1953; Mesulam, 1981) . That neglect is not simply caused by visual deficits has been shown by Spinelli and co-workers (1990), who found close-to-normal visual abilities in neglect patients. In normal subjects it was found that the left hemisphere attends only to contralater al visual stimuli, while the right hemisphere attends to both contralateral and ipsilateral visual stimuli (Heilman and Van Den Abell, 1980) . A greater ca pacity of the right hemisphere in visual (and audi tory) attentional tasks, irrespective of the laterality of the task, was shown as higher cerebral metabolic rates in the right inferior parietal region of normal subjects in a PET study (Reivich et aI., 1983) . It has been suggested that the posterior parietal cortex is part of a cortical network subserving directed atten tion within extrapersonal space and that the right hemisphere is specialized for this function, at least in dextrals (Mesulam, 198 1) . Based on our results, we propose that the larger right-sided occipital and posterior parietal visual responses during sobriety reflect the processing, beyond the striate cortex, of the visual-spatial aspects of the checkerboard pat tern. They also support the right hemisphere spe cialization for directed attention.
An unexpected finding was that ethanol changes the brain's response to visual stimulation, causing the asymmetries found in the sober state to disap pear (occipitally) or to be reduced (parietally). This symmetric activation response indicates a less dif ferentiated cortical information processing. The in feriority of bilateral activation is suggested by sev eral studies in normal, sober SUbjects. A positive correlation was found between scores on a complex visual-spatial task (cube analysis) and right> left rCBF asymmetry in the posterior association cortex (Wendt and Risberg, 1994) . Similar findings con cerning the right hemisphere were reported by Gur and Reivich (1980) , using rCBF and the Street test, and by Furst (1976) , using EEG and miscellaneous visual-spatial tasks.
We interpret the more symmetric posterior corti cal activation following ethanol as due to both an increase in the left and a decrease in the right hemi sphere response to checkerboard stimulation. Sev eral investigators have suggested that ethanol pro duces greater impairment of functions more lateral ized to the right hemisphere, especially in the visual-spatial domain, compared to functions sub served mainly by the left hemisphere (Chandler and Parsons, 1977) . In a visual-field paradigm, these au thors showed that normal subjects used signifi cantly longer search times for random shapes in the left visual field (right hemisphere) after moderate alcohol ingestion. No difference was found in the right visual field or when the task was verbal. In a four-factor testing of intellectual abilities in normal subjects (Frankenhaeuser et aI., 1962) , performance on the visual-spatial test (cube analysis) was un doubtedly the most impaired one after the ingestion of 0.8 g alcohol/kg body weight. Normally, poten tials evoked from central areas to light pulse stim ulation result in higher amplitudes from the right than the left hemisphere, but this asymmetry de creased following ethanol (Lewis et aI., 1970; Rhodes et aI., 1975) . Our finding of a lesser activa tion response in right posterior regions during ine briation might be related to this right hemisphere vulnerability in visual-spatial functions. However, in an EEG study from our laboratory (Stenberg et aI., 1994) , using a mental-arithmetic activation task that normally leads to higher activation in the left hemisphere than in the right, the ingestion of alco hol resulted in a more symmetric pattern. The rest ing EEG was also changed in the direction of greater lateral symmetry. Thus, mechanisms of hemispheric specialization seem to be adversely af fected by alcohol, regardless of the hemisphere most involved.
It has been suggested that the initial excitatory effects of ethanol at lower doses is caused by re duced inhibition from, e.g., the -y-aminobutyric acid system (Hoffman and Tabakoff, 1985) . We propose that the more symmetric posterior activation fol lowing ethanol is caused at least partly by such a decrease in (normal) inhibitory action on left poste rior areas during visuospatial processing.
In conclusion, we suggest that ethanol changes information processing in the brain. The more sym-metrical visual response during inebriation is possi bly related to a more pronounced suppression of right-hemisphere information processing in addition to reduced inhibition of the left posterior cortex.
